The aim of this study was to diagnose the etiological factor of disease in a 2.5 year old male cat with symptoms of loss of appetite, apathy and the presence of pale yellow mucous membranes. Haematological and biochemical analysis of the blood taken from the sick animal showed a normal white blood cell count (14.19 × 10 9 /l), A PCR test for Babesia/Theileria and Ehrlichia/Anaplasma spp. did not show the presence of the genetic material of protozoa; however, it revealed the presence of the 16S RNA gene of ricketsiae in the blood of the cat. The sequence of the fragment of this gene showed a 98.3% homology with Anaplasma phagocytophilum GU183908. Serological examination of the cat using the IFAT test revealed the presence in its serum of anti-Anaplasma phagocytophilum antibodies with a titre of 1 : 40. This paper presents the first report of feline anaplasmosis in Poland confirmed by molecular tests.
Granulocytic anaplasmosis is an infectious multiorgan human and animal disease accompanied by thrombocytopenia. The etiologic factors of the disease are microorganisms previously classified within the family of Rickettsiaceae, genus Ehrlichia. Currently, they are classified within the order of Rickettsiales, family Anaplasmataceae (Dumler et al. 2001 ). 16S rRNA gene sequence studies has made it possible to classify three pathogens considered until recently as separate species and etiologic factors of anaplasmosis in cats and dogs (A. phagocytophium) , horses (A. phagocytophium, Ehrlicha equi), and people (HGE agent -human granulocytic ehrlichiosis agent) to the taxon A. phagocytophilum (Dumler et al. 2001) .
A. phagocytophilum is a microorganism able to infect many animal species and people. The main vector of the microorganisms in Europe is the tick Ixodes ricinus (Neer et al. 2002; Stuen 2007) . It ought to be noted that A. phagocytophilum infection is diagnosed more rarely in cats than in dogs; this fact is suspected to result from the specific behaviour of cats and the mechanical removal of ticks from their body surface during grooming.
Recently, some cases of animal granulocytic anaplasmosis have been reported in Poland. The serologic monitoring carried out, for example, in dogs, cattle and pigs, indicates the contact of native animals with rickettsia, which indirectly demonstrates the occurrence of Anaplasma microorganisms in our country (Winiarczyk et al. 2007 ). The absolute confirmation of their presence was the detection of rickettsia genetic material in the organisms of ticks coming from various regions of the country (Cisak et al. 2005; Zygner et al. 2008) . Anaplasmosis was never diagnosed in cats in Poland. Also in other regions of the world, the disease is rarely diagnosed in this species. There are just a few specific reports that include detailed case descriptions regarding the disease in domestic cats (Lappin et al. 2004) . In Europe such cases were described in Sweden (Bjoersdorff et al. 1999) , in Italy (Tarello 2005) , in Switzerland (Schaarschmidt-Kiener et al. 2009 ) and in Finland (Heikkila et al. 2010) .
Because anaplasmosis is not common in Europe and the disease etiologic factor is not well known, the aim of this research was to present the description of the first case of anaplasmosis in a cat in Poland.
MATERIAL AND METHODS
The subject of the study was a cat two years and six months old, with body weight of 5.2 kg, brought to the veterinary clinic in Lublin (Poland) with symptoms of loss of appetite and thirst, apathy and the presence of pale yellow mucous membranes. The patient's internal body temperature was 38.8 °C, accessible lymph nodes were not enlarged, but examination of the abdomen showed bilateral subcostal tenderness. According to the owners of the animal, the condition had been persisting for three days. The cat lived near a forest and it was able to wander freely. The owners many times removed ticks from its body. In the past, it was given a series of vaccinations against the basic contagious diseases and it received regular antiparasitic prophylaxis.
Ultrasonographic examination (USG) of the abdomen was performed in this cat and its blood was collected for haematological and biochemical studies to run quick tests for feline infectious peritonitis (FIP), feline leukaemia virus (FeLV), and feline immunodeficiency virus (FIV), serological tests for A. phagocytophilum infections, and molecular tests for anaplasmosis/ehrlichiosis and babesiosis.
Haematological tests. Blood for the haematological tests was taken into test-tubes with EDTA and tested in the Exigo analyser (Boule Medical AB, Sweden).
Blood smear tests. Blood smears were made on a degreased microscopic glass, stained using the Giemsa method, and viewed under the Olympus CH 20 microscope when dry.
Biochemical tests. Blood for biochemical tests was placed in test-tubes with a coagulation accelerant, centrifuged, and the serum obtained tested using a Mindray BS-130 analyser (Mindray Co., Ltd).
FeLV-, FIP-and FIV-examination. FeLV, FIP, and FIV tests were performed according to the procedure stated by the manufacturer (BioVeto Test, France).
Serological test for anaplasmosis (indirect immunofluorescent antibody test -IFAT).
This test was carried out in a commercial laboratory. Antibody titres of 1 : 40 and higher were regarded as a positive result.
DNA isolation. DNA for analysis was extracted from 100 ml of fresh anticoagulated blood. DNA isolation was carried out with the DNA blood mini kit (A&A Biotechnology Gdynia, Poland).
PCR reaction. The PCR reaction for Babesia/Theileria spp. was carried out using a pair of primers, i.e. RLB R2 and RLB F2, which amplify a fragment of the conserved 18S rRNA gene with a length of 390-430 bp (Altay et al. 2008) . The PCR reaction primers EHR 521 and EHR 747 for Ehrlicha/Anaplasma spp. amplified the fragment of the 16S rRNA gene of rickettsia with a length of 247 bp (Adaszek et al. 2009 ).
Electrophoresis. PCR results were evaluated by agarose gel (1%) electrophoresis stained with ethidium bromide in parallel with a 100-bp DNA ladder (Gibco/BRL, Gaithersburg, MD, USA).
Sequencing. The PCR product was purified using QIAquick spin columns (Qiagen) and eluted in 50 μl of Tris 10mM, pH 7.6. The DNA sequence was determined on both strands using the same primers employed for PCR at a DNA sequencing core facility (Research Institute, Polish Academy of Sciences, Warsaw, Poland). DNA sequences were assembled and edited using SeqMan (DNAstar, Lasergene, Madison, USA), and ClustalV alignments with the published 16S rRNA gene sequences in the NCIB GeneBank for Ehrlichia/Anaplasma spp.
RESULTS
The low number of erythrocytes (3.96 × 10 12 /l), low content of haemoglobin in erythrocytes (66 g/l), decreased haematocrit (0.2213), thrombocytopenia (52 × 10 9 /l) and the increase in the bilirubin levels (205.2 µmol/l) show that the tested animal suffered from haemolytic anaemia. The white blood cell count (14.19 × 10 9 /l) was within the physiological ranges. High activity in blood serum of ALT (583 IU/l) and AST (265 IU/l) indicated an impaired function of the liver.
Neither Babesia protozoa nor rickettsia were found in erythrocytes and leucocytes in the blood smears.
Quick diagnostic tests for leukaemia virus, feline immunodeficiency virus, and FIP were negative. The USG detected a hypoechogenic liver with thickened gall-bladder, filled with bile containing sludge. No fluid suggesting the development of feline infectious peritonitis was detected in the abdomen.
Using the PCR method, the DNA of Ehrlihia/Anaplasma spp. was detected in the blood of the sick cat (Figure 1) . The PCR results for Babesia/Theileria were negative.
The sequences of Ehrlichia/Anaplasma spp. products with a length of 247 bp. obtained in the PCR and developed in the Lasergene DNA Star showed a high similarity (98.3%) to the sequence of the A. phagocytophilum 16S rRNA gene listed in the gene bank under the number GU183908 clone Lublin-1.
Using the IFAT test, the presence of anti-A. phagocytophilum antibodies with a titre of 1 : 40 were detected in the blood serum of the cat.
The treatment of the cat began by means of oxytetracycline (5 mg/kg i.m., Oxyvet, Biowet Pulawy, Poland) administered intramuscularly every 12 h for two days. This was then changed then to doxycycline (Ronaxan, Merial) administered for four weeks at a dose of 10 mg/kg of body mass. The applied therapy led to a significant improvement in the health status of the cat 48 h after application of the drugs. Complete recovery of the infected animal was observed after four weeks of therapy. The results of a control PCR test performed three weeks after the end of the treatment were negative for the presence of Anaplasma genetic material in the blood of the cat.
The haematological test carried out one month after the initiation of the treatment did not show any abnormalities.
DISCUSSION
Feline anaplasmosis is a relatively rare disease, as evidenced by the many clinical reviews on this subject. There are just a few specific reports that include detailed case descriptions regarding the disease in domestic cats (Bjoersdorff et al. 1999; Lappin et al. 2004; Tarello 2005; SchaarschmidtKiener et al. 2009; Heikkila et al. 2010) .
Most often the diagnosis of this disease is based on the results of serological and molecular tests.
The DNA of these pathogens was detected in the blood of naturally infected cats from Sweden, Italy, UK and Ireland ( Bjoersdorff et al. 1999; Shaw et al. 2005; Torina et al. 2008) . Morulae of A. phagocytophilum were observed in neutrophils of naturally infected animals from South America (Brazil), Africa (Kenya), as well as Italy and Sweden. Except for the Swedish cases, it is not entirely clear if these structures were connected with an infection with A. phagocytohilum or other rickettsiae (Bjoersdorff et al. 1999; Lappin et al. 2004) . Aguirre et al. (2004) used an indirect immunofluorescence assay to test 122 blood samples from cats from Madrid. The presence of A. phagocytophilum antibodies was observed only in three (4.9%) specimens. However, in none of the tested animals was genetic material of these rickettsiae found.
Similar studies were carried out on a group of 168 cats from north-eastern Spain (Solano-Gallego et al. 2006) . A. phagocytophilum antibodies were detected only in 1.8% of the tested specimens and also in these cases molecular test results were negative.
In the USA, the first cases of five cats with A. phagocytophilum infection confirmed in molecular tests were diagnosed in 2004 (Lappin et al. 2004) . A year later serological tests of 93 random animals were performed (Magnarelli et al. 2005) . ELISA and IFA showed the presence of antibodies in 30% and 38% animals respectively.
To determine the rate of A. phagocytophilum infections in cats in the United States, samples from 460 animals were tested (Billeter et al. 2007) . Antibodies specific for the pathogen were observed in 20 specimens, which is merely 4.3%. These results were not confirmed by molecular tests.
As shown by the results of the above mentioned studies, increased A. phagocytophilum antibody titres are often found in cat serum while the animals do not exhibit clinical symptoms of infection and molecular methods do not detect genetic mate- Figure 1 . PCR amplification of a partial sequence of the Anaplasma phagocytophilum 16S RNA gene (product size 247 bp) from cat sample. 1 -molecular weight marker = 100 bp, 2 -negative control, 3 -positive control, 4 -examined probe rial of the rickettsia in their blood (Aguirre et al. 2004; Solano-Gallego et al. 2006; Ayllon et al. 2009 ). Such a situation can be explained by asymptomatic infections, which result in the occurrence of the rickettsia antibodies.
In the described case, the A. phagocytophilum infection in the cat was confirmed using molecular and serological tests. The analysis of the 16S RNA gene fragment of rickettsia showed a 98.3% similarity to the corresponding sequence GU183908 Uncultured Anaplasma spp. clone Lublin-1, obtained in earlier studies of a clinical case of equine anaplasmosis (Adaszek et al. 2009 ). This points to an endemic occurrence of this microorganism strain in Poland.
Analysis of blood smears stained using the Giemsa method showed no inclusions characteristic of A. phagocytophilum in the leukocytes of the sick cat (Bjoersdorff et al. 1999; Adaszek et al. 2009; Schaarschmidt-Kiener et al. 2009; Heikkila et al. 2010) . Similar observations were made by Lappin et al. (2004) and Bjoersdorff et al. (1999) . Out of the six cats in which A. phagocytophilum DNA was detected using molecular techniques, the presence of morula in blood was shown only in one animal. Later, a cytological test did not reveal any of these structures in its blood cells. Since the genetic material of the rickettsia was detected using the PCR method at an early stage of infection, one may assume that this technique is more sensitive than others (including serological methods), especially for detecting the acute phase of infection.
Symptoms and haematological disorders similar to those observed in the described cat may also develop in the course of diseases such as haemotropic mycoplasmosis (Sykes 2010) or immune mediated haemolytic anaemia (IMHA) (Kohn et al. 2006) . Both diseases should be considered in the differential diagnosis of anaplasmosis. It should be noted that although Mycoplasma spp. similar to Anaplasma spp. show sensitivity to tetracycline, thrombocytopenia is not observed in the course of mycoplasmosis (as in the described case) (Sykes 2010) . Moreover, these bacteria were not found in blood smears during the microscopic examination. These observations helped us to exclude mycoplasmosis.
On the other hand the improvement of the cat's status health and recovery from anaemia after tetracycline treatment (without application of steroid drugs) allowed us to exclude IMHA.
The detection of Anaplasma DNA in the blood of the cat together with the results of haematological (thrombocytopenia) and serological tests, and the tetracycline treatment efficiency, indicate that the cause of the cat's disease was A. phagocytophilum infection. Until now, in Poland, the disease was diagnosed only in horses and dogs (Adaszek et al. 2009; Adaszek and Winiarczyk 2011) , but never in cats.
The fact that Anaplasma infection has been detected in a cat in Poland for the first time indicates the danger of this disease for cats in Europe (Sreter et al. 2004 ). This infection must be considered each time in the case of animals which develop thrombocytopenia after contact with ticks.
